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Introduction
DC circuit analysis has been identified in the literature as being particularly difficult for students to learn 1,2,3 . Research on the difficulties students face regarding this topic focuses solely on 4-year university students, which neglects students studying this topic in alternative institutions like community colleges. The one common link between research on university and community college students is self-efficacy. This is rooted in the fact that many strategies to increase student interest, achievement, retention and persistence in both engineering and engineering technology programs are based on increasing self-efficacy. Self-efficacy has been used in studies as a measure of engineering design 4 , persistence 5, 6 , success in mathematics 7, 8 , gender in engineering education 9, 10 , career choice 11 , and more. Self-efficacy has been shown to be correlated with several key personal and academic characteristics, as outlined in Table 1 . Students who have high self-efficacy for circuit analysis should have high confidence in their responses to an assessment of circuit analysis.
Table 1. Characteristics Correlated with Self-Efficacy
Hours worked each week 12 Total time in program 13, 14 Number of college chemistry courses 15 Gender 15, 16 Taken remedial Math 17 Taken remedial English 17 Race/Ethnicity 12 Highest high-school Math course 15, 18, 19 Marital status 17 Percentage of tuition paid by financial aid 20 Dependent children 21 This paper extends the work of others by applying prior research on self-efficacy and circuit analysis to a community college engineering student population.
Literature Review
Community college students are different from university students. Community college students, in general, have different educational goals and academic backgrounds than their university cohorts; the principal role of the community college is to be the provider of workplace and skill training. Most community colleges attract students who are underrepresented minorities, older, female, and those in search of education for a career change. Many of these students are ill-prepared for college 22 . Compared to their university counterparts, community college students generally arrive on campus with issues related to academics, family, finances, and personal issues. Specific demographic and personal characteristics related to these issues are highlighted in Table 2 . What is not known is how the characteristics that define a community college engineering student population are related to their self-efficacy for circuit analysis.
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Methods

Study Context and Participant Population
This study was conducted at a large community college in the southwestern United States. Students from three introductory circuit analysis courses in the Electronics program were studied. Participation was voluntary. There was a total pre-test population of 48, of which, 44 (n = 44) subjects participated. For the post-test, there was a total population of 41, with 37 (n = 37) subjects participating. Table 3 summarizes the three groups of participants for both the pre and post-test. Four students, all enrolled in ELE 111, were female. All four female students from the pre-test remained in the study. All participants were classified by the institution as freshmen or sophomores.
Data Collection
An instrument was created to measure the relationships between self-efficacy for DC circuit analysis and personal and academic characteristics. The instrument asked students questions related to their confidence in each of their answers to a concept inventory. Questions were worded as "How confident are you about your answers given for parts 1 (multiple choice assessment of understanding) and 2 (written description of understanding)?" Responses were Page 26.1137.3
reported using a 100-point range on a Likert scale with 10-unit intervals. Prompts were provided at "0 -Not at all confident", "40 -Maybe-Not Sure", "70 -Pretty Confident", and "100 -Completely Confident". This was consistent with prior approaches in the literature 2,4,14 . Personal and academic characteristics were measured via demographic questions that had been found in the literature, as outlined previously in Tables 1 and 2 . Sample items from the instrument are shown in Figures 1 and 2 . The item in Figure 1 was the third item on the instrument, and it assessed conceptual knowledge of current and the subject's confidence in their response. The item in Figure 2 was the fifth item on the instrument, and it assessed conceptual knowledge of voltage and the subject's confidence in their response. 
Data Analysis
Pre and post-test data were analyzed using SAS Enterprise Guide version 5.1. Internal reliability of the instrument was first checked for both the pre and post-test to ensure reliability. The instrument was found to be excellent (α = 0.935). Face and content validity were established via research on past studies that used this approach for domains outside of circuit analysis 4,14,26 . Construct validity was not established due to the low number of subjects and the large number of characteristics measured.
To ensure consistency between pre and post-test, only those subjects who participated in both the pre and post-tests were included in the data set. Group effects for the population from the three separate classes was analyzed using Analysis of Variance (ANOVA). Both pre-and post-test data sets were analyzed to investigate correlations between demographic data and self-efficacy for circuit analysis.
Findings and Discussion
The literature identified eleven characteristics to be correlated with self-efficacy. Those characteristics were previously listed in Table 1 . The results of the pre and post-test correlation analyses are shown in Table 4 .
Examination of the pre-test correlations revealed that none of the demographics measured were significantly correlated with self-efficacy for circuit analysis. The post-test analysis revealed that subject's age and subject's father's education level were both significantly correlated with post-test self-efficacy for circuit analysis. Both age and father's education level combined to explain a total of 29.90% of the post-test variance in self-efficacy for circuit analysis. Neither was previously identified in the literature as correlating with self-efficacy.
Subject's Age
The age of the subject was significantly correlated with post-test self-efficacy for circuit analysis (R = 0.43, p = 0.008). This represents a moderate correlation 27 , accounting for 18.49% of the post-test variance in self-efficacy for circuit analysis. This positive correlation indicates that the older a student is, the higher their self-efficacy for circuit analysis.
This finding is different from the vast majority of the literature, which tends to indicate no relationship, or even an inverse relationship between age and self-efficacy. One recent study provides support for this finding. Whannell, et al. 28 studied a cohort of students enrolled in a university program intended to prepare those students for university-level studies. Prior to starting the program, age was inversely correlated with self-efficacy. The longer students stayed enrolled in the program, the more their self-efficacy increased. What is unique about this finding is that self-efficacy scores eventually increased so much that the final post-test relationship between age and self-efficacy was no longer inversely correlated. The authors of the study attributed this change in self-efficacy to older students becoming more familiar with professors' expectations and testing procedures. The work of Whannell, et al. may help to explain the findings of the present study because the two populations were of similar age, prior education level, and displayed the same trend. Unfortunately, details of these two similarities cannot be investigated further, as the authors did not provide information regarding the breakdown of age or education level other than ranges and mean values. While this finding is different from much of the literature regarding correlations between age and self-efficacy, it is possible that the subjects of the present study saw their self-efficacy increase between the pre and post-test as they became more familiar with their professors and their circuit analysis course. 
Father's Education Level
The education level of the fathers of the study subjects was negatively correlated with post-test self-efficacy for circuit analysis (R = -0.34, p = 0.042). While this is statistically significant, it is considered a weak correlation 27 , accounting for 11.56% of the post-test variance in self-efficacy for circuit analysis. This negative correlation indicates that the lower the education level of the student's father, the higher the student's self-efficacy for circuit analysis. Likewise, the higher the education level of the student's father, the lower the student's self-efficacy for circuit analysis.
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Parental education level is one measure of socioeconomic status (SES) 29, 30 . Parental education level as a measure of SES has been shown to directly influence children's academic selfefficacy 31, 32 . One study by Weiser & Riggio 33 found that students from low SES families had higher academic self-efficacy than students from high SES families. The authors determined that many of the students in that study were first-generation college students, and simply attending the university was considered an achievement for them. They also determined that many of the students considered lower family SES as motivation for higher achievement. This finding is consistent with the results of a study on Hispanic high school students 34 who viewed their lowereducated parents as "an example of what life would be like if they did not pursue higher education (pg. 91)". For the present study, this same inverse relationship between subject's father's education level and self-efficacy was found. Just under 20% of the subjects selfidentified as being first-generation students, and the same percentage self-identified as being Hispanic.
Since there is similarity between the subjects used by Weiser and Riggio and those subjects in the present study, Weiser and Riggio's results partially explain the relationship between a lowereducated father and a child with high self-efficacy. They do not explain why the child of a higher-educated father would have lower self-efficacy. One explanation may have to do with parental expectations and the stigma associated with attending a community college. Parents who attended prestigious colleges and universities tend to expect the same for their children 35, 36 , and will use their influence over their children to guide them toward meeting those expectations 37 . This may occur even if the children are unprepared or otherwise not ready to attend college 30 . The stigma associated with community colleges is that the general public does not consider them "college", but instead "high school, Part 2" 38, 39 . This stigma continues to be perpetuated by low tuition, general lack of knowledge about community colleges, and inaccurate portrayals on popular television shows 39 . In short, community colleges do not have the same level of prestige as most universities. The findings from the present study regarding highlyeducated fathers and their children who have low self-efficacy for circuit analysis may possibly be explained as an issue of higher SES students who might feel unprepared to take a difficult course such as circuit analysis, or perhaps feel as though they have disappointed their highereducated parents by attending a community college.
Conclusions and Recommendations
As the primary source of technical and workplace training, community colleges play an important role in educating a highly skilled engineering and technical workforce. This has not impacted the focus of research in engineering education as most research has focused on university students. There are extremely few studies on the community college engineering population, and most of what does exist tends to focus on retention, transfer, or the larger STEM fields. Community college engineering students are different from university engineering students, which require different approaches and solutions to their unique problems.
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This study contributes two findings to the body of knowledge. The age of a community college engineering student is directly correlated with their self-efficacy for circuit analysis, and student's father's education level is inversely correlated with the student's self-efficacy for circuit analysis. Older community college engineering students had higher self-efficacy for circuit analysis than their peers, which contradicts much of the literature. This significant finding should be further investigated given its rarity in the literature. Perhaps one consideration for future research is to include an intermediate assessment between the pre and post-tests. Whannell et al. noted that the change in self-efficacy was gradual over the course of a semester.
There is no indication from the present study of when this change in self-efficacy for circuit analysis occurred. This information could have direct applications in the community college engineering classroom. Instructors could identify students with low self-efficacy in order to offer additional assistance or scaffolding for a sufficient period of time that would allow those students to build their confidence.
The second finding this study contributes to the body of knowledge is the relationship between student's father's education level and the student's self-efficacy for circuit analysis. Community college engineering students who have lower-educated fathers were found to have higher selfefficacy for circuit analysis, and those who have higher-educated fathers had lower self-efficacy for circuit analysis. This finding is new to the literature, but can be reasoned. Additional research of this novel finding should be performed, particularly with regard to the relationships between SES, first generation students, and self-efficacy. One recommendation for future research is to modify the demographic portion of the survey instrument to include additional questions pertaining to respondent SES. More information will only help to clarify and possibly support this unique finding.
Future studies should be conducted to confirm these findings as well as to identify additional links between personal characteristics and self-efficacy of community college engineering students. One avenue for future research includes extending the study into a longitudinal study to collect data over time. This study and Whannell et al.'s study had similar outcomes with subject samples that had similar characteristics, but there does not appear to have been a followup to Whannell's work. Without additional information, the results of both studies may be considered anomalies. If the positive correlation between age and self-efficacy is confirmed, this would not only further support the assertion that community college engineering students are different from university engineering students, but could also identify other characteristics that differentiate community college engineering students from each other in regard to their individual self-efficacy. This could lead to personalized education, which is also one of the 14 Grand Challenges for Engineering proposed by the National Academy of Engineering 40 .
A final consideration for continuing this research is to expand the study to include other populations. The community college engineering population is different from the university engineering population. Given the role the community college plays in educating a skilled workforce, those differences require educational approaches that match the needs of the Page 26.1137.9 population being served. Expanding the scope of this study may help to further identify the characteristics and subsequent needs of a larger population, and possibly help more of those students complete their technical education goals. 
